Objectives: To investigate whether dogs undergoing laparoscopic ovariectomy might have a lower overall and wound-healing complication rate than those undergoing an open surgical approach. clinical significance: The rates of overall and wound healing complications were lower for the laparascopic group than the open surgical group in this non-randomised study. Laparoscopy might be considered preferable for ovariectomy in dogs but confirmation requires a randomised trial.
INTRODUCTION
Laparoscopic surgery is becoming increasingly popular in veterinary practice (Mayhew 2014) . The benefits of laparoscopy are now well-established and include a reduction in postoperative pain and surgical stress following laparoscopic ovariohysterectomy compared to open surgery (Davidson et al. 2004 , Devitt et al. 2005 , Hancock et al. 2005 and, also, faster resumption of normal patient activity levels following the minimally invasive approach (Culp et al. 2009 ). These advantages are often cited to promote the use of laparoscopic neutering among veterinary surgeons.
There is a relative paucity of information regarding any impact of the approach utilised on the incidence of postoperative complication for any given surgery. Only a small number of reports compare minimally invasive to open surgical approaches (Mayhew 2014) . One previous study (Mayhew et al. 2012) aimed to compare the incidence of surgical site infections (SSIs) ttp://www.bsava.com/ Although the study showed a lower rate of SSI for laparoscopic procedures (1.7%) versus open surgeries (5.5%), there were multiple confounding factors, suggesting that this difference was due to many factors (e.g. surgical time, differences in patient preparation) rather than the surgical approach itself.
Ovariectomy (OE) has been previously recommended as the technique of choice for female dog sterilisation (Van Goethem et al. 2006) . OE is one of the most commonly performed surgical procedures performed at our centre and is performed using both "open" (i.e. midline coeliotomy) and laparoscopic approaches. We believe that OE can therefore act as a "standard" surgical procedure which, when performed by the same group of surgeons using the same anaesthetic and theatre protocols, can help determine whether there is a difference in the rate of postoperative wound healing complications between laparoscopic and open surgical cases.
We present what we believe to be the first study examining and comparing the complication rates following laparoscopic and open surgical approaches for laparoscopic OE.
MATERIALS AND METHODS
A practice database search was performed to retrieve required data from all laparoscopic and open spays performed by three surgeons over a 5-year period (January 1, 2013 to January 1, 2018). These surgeons work in general practice, have been qualified for 5 to 10 years and had all received previous instruction on laparoscopic neutering consisting of lectures and cadaver-based training.
Cases were divided into either LAP or OPEN groups. Breed, weight and postoperative complications were described. For the purposes of this study, a postoperative complication was defined as "any departure from the expected post-operative course" (Dindo et al. 2004) .
To be included, all cases needed to have undergone OE confirmed by a written surgical report. In addition, at least one postoperative check must have been performed by either a qualified veterinary nurse or veterinary surgeon at the same practice and at least 3 months of postoperative patient records must have been available for review using the practice database.
Exclusion criteria were: lack of written surgical report, lack of postoperative check described, lack of 3 months' follow-up, and other major regional surgery (e.g. mastectomy) being performed at the time of OE. Dogs that were converted from a laparoscopic to an open approach were excluded from both data sets. Breed data were collated and tabulated. Median weight and range for each group were calculated.
OE was performed by a standard open surgical technique (Fransson 2012) . Laparoscopic OE (Lap-OE) was performed using a 5-mm 0° laparoscope (Karl Storz Endoscopy) and a three (midline)-port technique with abdominal access achieved using a modified Hasson approach when placing the caudal port. Abdominal insufflation was achieved and maintained using a pressure regulating mechanical insufflator (Endoflator; Karl Superficial SSI can be diagnosed when event:
• occurs within 30 days of operation • only involves skin and subcutaneous tissues • patient has at least one of:
(1). purulent drainage from wound (2). organisms identified within wound using microbiological testing methods (3). erythematous, swollen, hot or tender wound which is deliberately opened by surgeon (4). SSI diagnosed by attending physician Deep SSI can be diagnosed when event:
• occurs within 30 days of operation • involves deep soft tissue of the incision • patient has at least one of:
(1). purulent drainage from wound (2). abscess or other evidence of infection involving deep incision (3). spontaneous dehiscence (or surgical opening) and identification of organism by microbiological testing and patient has signs of pyrexia, localised pain or tenderness CDC US Centers for Disease Control, SSI surgical site infection Storz Endoscopy). Intra-abdominal pressure was maintained at 9 to 12 mmHg. An 11-mm cannula was placed as the caudal port, which was used for ovary extraction. The other two cannulae were 6 mm. All instruments used were 5-mm diameter. All cases were premedicated using a combination of 0.01 mg/kg acepromazine (Novartis) and 0.2 mg/kg methadone (Comfortan; Dechra) administered either subcutaneously or by intramuscular injection. Perioperative intraveneous fluid therapy (Hartmanns) was administered at a standard rate of 5 mL/kg/hr unless intraoperative blood pressure measurement indicated a higher rate was required. No cases received perioperative antibiotics. All dogs received either subcutaneous or intravenous dose of 0.2 mg/kg meloxicam (Metacam; Boehringer) perioperatively unless contraindicated and this was continued into the postoperative period for 3 to 7 days at the reduced dose of 0.1 mg/kg once daily. All complications were described and then graded using the Clavien-Dindo system (Dindo et al. 2004) . Using this system, a minor (grade 1) complication is defined as "any deviation from the normal post-operative course without the need for pharmacological treatment or surgical, endoscopic and radiological intervention." Rescue analgesia, anti-emetics and antidiarrhoeals are allowed for a grade 1 complication. A grade 2 complication is one that requires further pharmacological intervention (e.g. antibiotics), while a grade 3 complication requires surgical, endoscopic or radiological intervention. A grade 4 complication is one that is deemed life-threatening and requires intensive care management. The Cliven-Dando grading was performed independently by both authors. Any case for which the grading differed between authors was discussed until a consensus was achieved.
The percentage of cases that had a complication was then calculated for both LAP and OPEN groups. Complications were further subdivided into four categories: wound healing, gastrointestinal, pain or other.
Wound-related complications were further described as inflammation (wound described as inflamed, no specific treatment required) or as superficial or deep SSI using definitions published by the United States Centers for Disease Control (Table 1, CDC 2018) . Cases that required reoperation for incisional dehiscence of the abdominal wall were described as an "incisional hernia."
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RESULTS
OPEN group
One hundred and twenty-two cases were retrieved, of which 16 were excluded (seven for lack of described postoperative check, six underwent concurrent mastectomy, three were conversions from laparoscopy). Reasons cited for conversion from laparoscopy were equipment failure (n=1) and bleeding (n=2). One hundred and six cases were included for analysis. Breeds are summarised in Table S1 , Supporting Information. Median weight for this group was 9.6 kg. The overall complication rate described for the OPEN group was 47 of 106 (44%). Of these, 30 of 106 (28%) were wound healing complications (suture reaction, seroma, swelling, bruising, incisional hernia). Ten (9%) complications were due to gastrointestinal abnormalities, most commonly postoperative diarrhoea, which was often attributed to the use of perioperative meloxicam (Metacam; Boehringer). Diarrhoea usually resolved following cessation of nonsteroidal anti-inflammatory drugs (NSAID) therapy (grade 1 complication). Dogs that vomited were given 0.5 to 1.0 mg/kg omeprazole (Losec, AstraZeneca), and these dogs (n=2) were classified as a grade 2 complication. Three complications (3%) were due to additional analgesia being required, and four of 106 (4%) were grouped as "other" including one acute kidney injury, one postoperative vaginal discharge and two cases of "regurgitation on recovery" (see Fig 1) . Acute kidney injury constituted the only grade 4 complication in the group.
Recorded Complications: Open group
Wound healing complications occurred in 30 of 106 (28.3%) cases. Using US Centers for Disease Control (CDC) definitions, five (4.7%) of the open group were classified as having superficial SSI, the rate of deep SSI was 1% (one case). Twenty (18.9%) wounds were described as inflamed (no treatment needed). The rate of incisional hernia in this group was four of 106 (4%).
LAP group
One hundred and sixty-two cases were retrieved of which eight were excluded. Reasons for exclusion were concurrent mastectomy (n=3), ovariohysterectomy performed (n=3) and no recorded postoperative check (n=2). One hundred and fiftyfour cases met the inclusion criteria. Breeds are summarised in Table S1 . The median weight for this group was 19.6 kg.
Complications were described in 31 of 154 (20%) cases in this group (Fig 2) . Twelve (7.8%) complications were gastrointestinal abnormalities following surgery, which were mainly attributed to the use of meloxicam in the perioperative period. Ten of the 12 were classified as grade 1, and two were grade 2 complications. One dog developed a postoperative vaginal discharge for which antibiotics were prescribed and one dog suffered a postoperative acute kidney injury (the only grade 4 complication in this group). Seventeen (11%) dogs developed wound healing complications.
Using CDC definitions, five (3%) dogs in the LAP group developed a superficial SSI. Thirteen (8%) cases were described as having one or more wounds inflamed. There were no cases of either deep SSI or incisional hernia in this group. Data for wound healing complications are summarised in Table 2 .
Clavien-Dindo grades for wound complications in both groups are summarised in 
DISCUSSION
OE is probably the most commonly performed laparoscopic surgery in companion animals. OE was therefore chosen as the procedure for this study as case numbers were expected to be relatively high. Although we fully acknowledge the limitations of any retrospective study, efforts were performed to standardise as many potentially confounding factors as possible. For this reason, only open OEs performed by the surgeons familiar with, and performing, laparoscopic techniques were used for this study. All surgeons involved had similar levels of experience and had received the same laparoscopic training. General anaesthetic and intravenous fluid protocols were standardised according to practice protocols, and patient preparation/theatre protocols were identical for both groups of dogs.
However, whether or not a dog underwent laparoscopic or open surgery was the decision of the owner and this decision would have been based on multiple factors, including financial constraints, personal experience and veterinary advice. Practice policy during the study period was to offer laparoscopic spay to any dog >5-kg body size, because laparascopic OE can become more challenging in smaller patients using the 5-mm laparoscope and instrumentation available. This will, in part, account for the different median weight ranges between the two groups and this lack of randomisation represents a significant limitation to this study. It would be possible to correct this in a randomised trial.
Although the same veterinary staff performed and described the postoperative checks for both groups, these were not standardised. SSIs have been diagnosed using the CDC criteria but only by applying these criteria to clinical notes written at the time of the postoperative checks. The sensitivity and specificity of SSI detection in this study is therefore reliant on accurate diagnosis and recording by the attending veterinary surgeon at the time and this is a further limitation of this study, especially because of the risk of biased reporting. SSI was often diagnosed and treated with antibiotics without samples being taken for microbial culture and so the accuracy of this clinical diagnosis is unknown. It is certainly possible that some clinicians may have prescribed antibiotics for wounds which appeared erythematous when others would not have done so. Equally many clinicians may have regarded mild erythema as normal or acceptable and not recorded this on the patient history. In this study, the rates of overall (superficial and deep) SSI were 6% for the OPEN group and 3% for the LAP group, which are similar and both comparable with expected rates of SSI in clean surgeries (Vasseur et al. 1988 , Brown et al. 1997 .
A strict definition of "complication" was used in this study and the Clavien-Dindo scheme used to subclassify these complications according to severity and morbidity. This inevitably results in a relatively high complication rate being reported but these complication rates should only be quoted in context, that is with reference to the subclassification results. This grading system has been used previously in veterinary studies (Charlesworth 2014 , Nicholson 2016 ). Many surgeons would regard mild erythema and slight swelling as acceptable at the time of a postoperative check. These cases would have been reported as complications in this study but limited to grade 1 unless other drugs, such as antibiotics, were prescribed. The rate of wound healing complications in the OPEN group was therefore high (28%), although the proportion of cases needing further treatment (such as antibiotics or further surgery) was relatively low (9%). Despite this potential for over-reporting, the overall wound complication rate quoted for the LAP group (12%) is still comparable to other large-scale studies, for instance, 15.5% in the study by Pope & Knowles (2014) .
The OPEN group had higher rates of recorded wound inflammation (erythema, seroma formation, wound swelling/"suture reaction") and incisional herniation than the LAP group (Table 2 ). This combined difference in wound healing complications largely accounts for the difference in overall post-operative complications reported.
Rates of "gastrointestinal" and "other" complications were similar between the two groups. Three dogs in the OPEN group required additional analgesia while none of the LAP group did, which is consistent with the increased expected comfort levels of dogs undergoing a laparoscopic approach. Although we acknowledge the limitations of any retrospective study, we believe that this study provides some support for the notion that laparoscopic OE is associated with a lower rate of both overall and wound healing complications than the open surgical equivalent.
Postoperative regimes differed between groups. Dogs undergoing open OE were advised to be restricted to 5-minute "toilet walks" until their first postoperative check at day 3 to 5. Dogs undergoing laparoscopic OE are expected (Culp et al. 2009 ) and allowed to be more active and are routinely advised to be restricted to 20 to 30 minutes leash walks only until the first postoperative check. Nevertheless, the rate of wound healing complication in the LAP group was lower than that of the OPEN group despite this difference.
A large proportion of both groups (9% OPEN, 8% LAP) had postoperative gastrointestinal disturbance. Most of the time this manifested as diarrhoea, which responded to cessation of NSAID therapy. Although the potential adverse gastrointestinal effects of NSAIDs are well known, we do not have sufficient data to determine whether or not the NSAIDs, rather than the anaesthetic agents, contributed most to this complication. These cases could be viewed as a complication of anaesthesia rather than the surgery itself, but clinicians should nonetheless be aware of the relatively high incidence of postoperative diarrhoea/vomiting in these cases.
